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A Microstrip patch antenna can be efficiently designed using a soft computing algorithm named particle swarm optimization. A 
number of basic variations have been developed to improve speed of convergence and quality of solution found by other 
methods. On the other hand, PSO is more appropriate in accelerating the best solutions and also the diversity of problems to be 
resolved. In this paper  the  design  of  probe  fed  rectangular  Microstrip  patch  antenna  for  WCDMA  using  soft computing 
technique, particle swarm optimization is presented. A substrate with dielectric constant of 4.4 and height 1.588mm has been 
used for the design of Microstrip patch antenna. The parameters like patch length, width and feed position at centre frequency of 
1.95 GHz using Sonnet13.52 have been analyzed using PSO which gives better and faster results. Compared to other optimization 
techniques, the advantages of PSO are that PSO is easy to implement and there are few parameters to adjust. 
 
Key Words: Particle swarm optimization; WCDMA; Dielectric constant; FR-4;  Microstrip Patch antenna; Probe feed; Resonant frequency; 
Return loss; Smith chart; 
  
1. Introduction 
Microstrip antennas basically consist of a radiating patch on one side of a dielectric substrate, which has a ground 
plane on the other side. The patch is generally made of conducting material such as copper and gold (Wikipedia, 
(ICCC-2015)
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2010). The patch is very thin (t<<λo where λo is free space wavelength) and is placed a small fraction of a 
wavelength (h<< λo usually 0.003 λo ≤h ≤ 0.05 λo) above the ground plane. The microstrip patch is designed so its 
pattern maximum is normal to the patch (broadside radiator). This is accomplished by properly choosing the mode 
(field configuration) of excitation beneath the patch.  
 
 
Fig.1(a): Top view of rectangular Microstrip Patch Antenna 
 
Fig.1(b): Side view of rectangular Microstrip Patch Antenna 
 
 
2. PSO Algorithm 
Particle swarm optimization (PSO) is a computational method that optimizes a problem by iteratively trying to 
improve a particular solution with regard to a given measure of quality. PSO is originally attributed to Kennedy, 
Eberhart and Shi[1][and was first intended for simulating social behaviour,[2] as a stylized representation of the 
movement of organisms in a bird flock or fish school. The algorithm was simplified and it was observed to be 
performing optimization. The book by Kennedy and Eberhart[3] describes many philosophical aspects of PSO and 
swarm intelligence. The choice of PSO parameters can have a large impact on optimization performance. Selecting 
PSO parameters that yield good performance has therefore been the subject of much research [4].  
     (1)
Where  is the co-ordinate of the particle along the Nth dimension. ,  are the personal best position and 
global best position respectively. The value a nd position are related to individual particles. The global best position 
and value are equal to all individuals. 
,  are scaling factors and  is uniformly distributed random number in the range 0 to 1.  is inertial 
weight and is used for controlling the convergence.  
Determine next position according to the equation given below  
          (2) 
Δt is time step whose value is chosen to be 1 
3. Result Analysis 
In this paper, length, width and probe offset of the patch have been optimized to resonate the Microstrip patch 
antenna at 2.40GHz used for WCDMA. Taking the following equations, resonant frequency   of the rectangular 
Microstrip patch is given by [5]: 
          (3) 
Here   is velocity of light. 
Equation for  is given as below: 
         (4) 
The resonant length of patch is not exactly equal to the physical length due to the fringing fields on the sides of 
patch. Effective length Leff of patch is longer than its physical length and is given as: 
          (5) 
Increase in patch length (ΔL) is given as: 
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        (6) 
Considering the fringing fields on sides of the patch, resonant frequency of patch is given as [31]: 
          (7) 
 
          (8) 
Equation (8) gives the width of Microstrip patch 
 
Table 1.Optimum Patch length, Width, Feed position and Return loss for 1.95GHz Resonant Frequency 
Parameter Value 
Resonant Frequency 1.95 GHz 
Optimized Patch Length using PSO 36.43 mm 
Optimized Patch Width using PSO 25.79mm 
Probe Offset using PSO 14.79mm 




Table 2. Design Parameters chosen for Microstrip Patch Antenna 
Parameter Value 
Centre Frequency 1.95 GHz 
The Substrate material FR - 4 
Dielectric Constant 4.4 
Substrate Thickness 1.588mm 
Input Impedance 50Ω 
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Fig.3(c): Smith chart of the 2.40 GHz Patch Antenna 
 
4. Conclusion 
Microstrip patch antenna resonated at exact 2.40GHz with the use of PSO. It can be concluded that the use of PSO 
saves time as compared to the design of patch antenna without optimization algorithm and also PSO restricts the 
variation from centre frequency. 
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